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ABSTRACT: ‘The gamma-radiation spectrum emerging from the fuel core 
has been measured on a horizontal radial channel. of an IRT-2000 
reactor. A 20 cm-thick plug consisting of a paraffin and boron 
carbide mixture was used for filtering the neutron beam, and lead 
collimators were utilized for the formation of a gamma-radiation 
beam. A Nal (Tl). single crystal measuring 70x70 mn, combined with 
j an electron photomultiplier, was employed as a spectrometer. An 

' AI-100-1 multichannel, analyzer was used for an amplitude analysis, 
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ACCESSION NR: AP4029698 | 
the resulting data being recorded by an automatic device. The peaks | 
discernible in the spectrum produced in the experiment corresponded | 
to gamma-radiation with energies of 2.2 and 7.7 Mev. Similar methods'. 
have been used to investigate the spectrum of a residual gamma- | 
radiation in an idle reactor after it was working for a long period 

of time at 1,000 kw capacity. The various spectra recorded over | 
periods of 6, 20 and 70 hours following the stoppage of the reactor 
revealed gamma-radiations with energies ranging from 0.9 to 3 Mev. 

A further checkup on the behavior of the long-lived acitivity spec~ 
trum was impossible as it would have required the idling of the re- 
actor for a lengthy period of time. Orig. art. has: 4 figures. H 
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- SOURCE: Yedernaya fizika, v. 2, no. 1, 1965, 84-91 


' MOPIC TAGS: seenlY bono spectrum, gemma transition, radioactive decay scheme 
ABSTRACT: ‘The reaction was induced with thermal neutrons derived from the IRT 
reactor of AN BSSR and investigated with apparatus designed for investigating Sese 
(n, y) reactions in separated isotopes by the Institut fiziki (Institute of Physics) 

AN BSSR, consisting of a Compton magnetic y spectrometer of 2h repplution and O.3=. 
Mev y-ray threshold. The iron sample was enriched to 78.1% in Fe?”. The follow=- . 
ing y-ray energies (in Mev) and intensities (% in parentheses) were observed: 9.31. 
(61), 8,98(12), 1.27(3.0) doublet, 6.82(2.0), 6.27(3.0), 5.T5(2.5)5 5,50(2.0), ; 
5.37(1.3), 4.13(3.0) doublet, 4.55(1.4), y6(105), 4017*(165) p36 79%(16T) » 3638" 

- (1.5), 307#(4.0) doublet, 2,.90"(1.0), 2067%(165)5 2,63#(1,0), 2e478(2.4), 2.05* 

- (2.5), 1.928(2.5), 1.638(1.5), 1.5%(1.5), 1232"(1.0), 1.24"(1.0), and the groups 

‘ of lines at 0,93"(10.0) and 0.41*(29.0). Asterisk denote y rays ooserved for the 
first time). A scheme for the decay fo re55 from the capturing level is proposed ~ 
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| on the basis cf the data, and its main features are discussed. The level scheme -: 
_ is shown in Fig. 1 of the Enclosure. Orig. art. has: 4% figures and 2 tables. ° 
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APPROVED FOR RELEASE: 06/13/2000 


CIA-RDP86-00513R000413220018-0" 


smi eee 


a ae = 


“REP ROVER FOR RELEASE: ae(t3) 2000 CIA-RDP86-00513R000413220018-0 


& qab0Riee: EWE (a) - PIMP age — 
CURR: AP6O02 co SOURCE CODE: uR/o3e6/65/002/011/0522/0826 — - 


| AUTHOR: Bogdanov» A. P.3 Fadoush v. N.; Firsov, Ye. 1. cn | GF 
Tobe 


‘ORG: Institute of Physics» heateny 9 of Sciences BSSR (institut. fiziki Akademii : : 
’ nauk BSSR) SP 


TITLE: ‘peterwiniie the parameter for a mixture of Ml-. and E2-radiations for the ee us 
0.341 Hev transition in the Ti"? nucleus /9 


: _. SOURCE:. Zhurnal eksperimental'noy i teoreticheskoy. fiziki. Pis ‘na v ceca: ; 
; _ Prilozheniye, v. 2, no. ll, 1965, 522-526 


TOPIC TAGS: titanium, gamma radiation, gamma transition, transition radiation 


ABSTRACT: The authors attempt to resolve the contradictory data in the Literature ee 
on the multiplicity of y-radiation for the 0. 341 Hev transition in the Ti*? nucleus. 
One source finds this transition to be a mixture of M1+E2 with a mixture parameter. 
‘of -0.1 for +2.2. Another work finds evidence of a pure Ml- transition. The auth- 
ors irradiated a titanium target . 8 m in diameter and 2 mm thick with 4 collimated 
‘neutron beam with a flux of 4+ 105 neutrons/em2*sec. The y-radiation detectors were . 
two scintillation counters with thallium-activated sodium iodide lho 70 mm in 
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diameter and 70 mm high. The’ resolving power of both spectrometers was 10% at a gam-f 
ma energy of 661 kev. The coefficient Az is found to be -0.05 # 0.010, which is i (ata 
somewhat lower than the theoretical value fora pure Ml- transition (Az = -0.071). _ 
A curve is given showing the coefficient Az as a function of the mixture parameter — 
‘for a mixture of M1 and E2 radiations in the first transition. This curys shows a — 
mixed transition with a mixture parameter of -0.06 or +2,0, The authors are grate-. 
ful to P. A. Krupchitskiy and G. A. Lobov who were responsible for the instigation | 
oF this experiment. Orig. art. has: 3 figures. ; ie : 
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TITLE: Gradfgnt meter based on a supergenerator controlled by 
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PERIODICAL: 4 jya nauk SSSR. Izvestiya.- Seriya fizicheskaya, 
5 no.-8, 1962, 1088-1090 . 

for determining deviations of magnetic field strengths 
within the range 1 3 ‘= 10-6 from the theoretical value ig described. The: 
mparetue: (Feed) orks with a supergenerator (Fig. 2)- The cirevit of . 
one supergenera or iis attached to the magnetic surface, that of the other. ve 
iqint, to point in the field. The difference of the — 
supergenerator , requencies characterizes the homogeneity of. the field, and 

e Lissajous figures on the oscilloscope. The 


is determined ff eae 
distance betweap t pickups is ‘wi0 mm, the maximum inhomogeneity is 
4 3 figures. - 
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| TOPIC TAGS: electron paramagnetic resonance magnetometer, magnetom— — 
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st paramagnetic resonance, electron paramagnetic resonance signal, 
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is investigated analytically. The device comprises a magnetic eae” 
resonance pickup, a high-frequency generator, 2@ modulator, a magnet, . ° 
and an,indicator. Diphenylpicrylhydrazyl * rystals (line width of 
2.7 06) or a solution of sodium in ammonia \(line width of 0,05. 0e) 
arc ,uged as working substances. Analytical\evaluatipns indicate 

' that, €he output signal does not depend significantly on frequency 

: withig a wide frequency band. This makes the device particularly — . 

| giftplé to operate. Orig. art. has: 4 figures, 10 formulas, and 
1 table. a 
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Crosscut drawn steel sheets, Stroi. prom. 31 No. 2, 1953. 


9. Monthly List of Russian Accessions, Library of Congress, June __1953, Uncl. 
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Title : Conference on the theory of semiconductors 
Periodical : Zhur. tekh. fiz., 25, No 13 (November), 1955, 2381-2394 


Abstract : A conference on the theory of semiconductors, called by the Commission on 
Semiconductors in the Presidum of the Academy of Sciences USSR, was held 
in Leningrad from 4 to 8 February 1955. Participants were leading physi- 
cists and theoreticians of Moscow, Leningrad, Kiev, Sverdlovsk, Khar'kov, 
Chernovits and other cities, who are working the field of solid state 
physics. Academician A. F. Ioffe opened the conference with a report not- 
ing that a number of experimental facts contradict theory (e.g. various 
values of effective masses in their determination by different methods, ano- 
malous temperature behavior of mobility and thermo-emf, etc.), that exist- 
ing theory is actually inapplicable to many semiconductors (e.g. zone the- 
ory issuing from distant ordering is inapplicable to fluid and amorphous 
semiconductors, whose electrical properties do not differ from those of 
crystal semiconductors), that the existing theory of mobility is inappli- 
cable to semiconductors with small mobility in which the free path length . 
calculated from experimental data is less than the wavelength of electron 
and often even less than the lattice period, and that relations have yet 
to be found between the various properties of semiconductors (electric, 
magnetic, thermal, mechanical) and atomic characteristics. The conference 
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heard and discussed 12 reports on the following 9 most important divisions 

of semiconductor theory: I. Theory of polarons: g. I. Pekar, "Present sta- 
tus of semiconductor theory" (to be published in next issue). M. F. Deygen, 
"Theory of optical, magnetic and electric properties of metal-ammoniacal so- | ; 
lutions." II. Polyelectron theory of semiconductors: S. V. Vonsovskiy, 
"Certain problems of the polyelectron quantum-mechanical theory of semicon- 
ductors" (te be published in gntF). Ye. P. Agafonova, "accelerating action 
of external electric field on a system of interacting electrons in a crystal 
lattice" (she showed that in the polar model the accelerating action of field 
on a system in nonpolar state is practically absent inspite of nonzero prob- 
ability of polarization of the system, i.e.in spite of probable formation of 
pairs and holes by the field; and that if the system has a finite number of - 
pairs and holes then consideration of thermal motion of lattice gives an ex- 
pression for electrical conductivity in weak field like that in the mono- 
electron theory). V. L. Bonch-Bruyevich, "gone scheme of hemeopolar crystal 
and oscillations of the crystal lattice." III. Magnetic properties of semi- 
conductors: A. G. Samoylovich and I. Le Korenblit, "Certain problems of the- 
ory of magnetism of semiconductors." IV. Theory of excitons: A. I. Ansel'm 
and Yu. A. Firsov, “Length of free flight path of nonlocalized exciton in 
atomic and ionic crystals." v. Theory of mobility thermal and. galvanomagnetic 
effects: T. A. Kontorova, "tmeory of mobility of current carriers in atomic 
semiconductors." VI. Theory of fluid and amorphous semiconductors: A. I. 
Gubanov, "Zone theory of fluidity for close ordering" (the author solved the 
one-dimensional problem earlier, in ZhETF, 26 (2), 139, 1954). VII. Theory 
of radiatorless transitions: M. A. Krivoglaz, "Theory of thermal transitions." 
VIII. Theory of rectification: K. B. Tolpygo, "Distribution of concentrations 
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of carriers and ratio of electron and hole current.” IX. Catalytic action 
of semiconductors: F. F. Vol'kenshteyn, "Mechanism of catalytic action of 
semiconductors" (the author expresses the assurption that electrons and 
holes on the surface of a semiconductor can play the role of free valences, 
and that the atoms and molecules adsorbed on the surface can capture these 
electrons). 


In his concluding speech of the conference A. I. Ansel'm noted the following 
principal directions of the future development of solid-state theory: poly- 
electron theory of the solid state; application of general methods of quantum © 
theory of the field to the problem of interaction of electrons with lattice 
oscillations; electrical and magnetic properties of crystals (theory of di- 
electric constant » diamagnetism, Paramignetism, and ferromagnetism of crys- 
tals); energy spectrum and mobility of current carriers in amorphous and 
fluid media; kinetic processes in semiconductors and metals (electrical con- 
ductivity, galvanomagnetic and thermomagnetic effects » influence of strong | 
fields ); theory of ion crystals (polar theory); theory of kinetic processes 
(electrical conductivity, galvanomagnetic and thermomagnetic effects) in 
semiconductors with small mobility where the concept of free path length 
loses sense; optical properties of electron crystals (internal. photoeffect, 
absorption spectra, theory of the exciton); dynamics of crystal lattice (os- 
cillation spectra, heat capacity, heat conductivity); phase transitions in 
crystal lattices, the theory of defects and impurities in crystals 3 nonsta- 
tionary processes ina semiconductor (variable external fields), radiospec- 
troscopy of solids, and cyclotron effect: theory of rectification and 
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amplification in semiconductors, and theory of semiconductor devices; the 
electronics of thermoelectronic emission, secondary electron emission, self- 


electron emission, external photoeffect of interaction of ions with the sur- 
face of the solid; theory of catalytic action of semiconductcrs. 


Submitted ; April hk, 1955 
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Abst Journals Referat Zhur ~ Fizika, No 12, 1956, 34572 


Author: Ansel'm, A. I., Firsov, Yu. A. 7 

ng merece Radiat F , ; cmy of Ste, 

Institutdont Mone Leningrad Physreotechnic.al inst, Dene he gia 
: i] 


Title: Mean Free Path of Nonlocalized Exciton in an Atomic Crystal 
Original Periodical: Zh. eksper. i teoret. fiziki, 1955, 28, No 2, 151-159 


Abstract: The mean free path 1 of a nonlocalized exciton, due to its interaction 
with the acoustic (thermal) branch of the lattice vibration, is calculated. The wave 
function of the exciton is calculated in the effective-mass-method approximation. It 
is proposed that as the exciton absorbs and emits phonons, it does not become excited 
and it does not become disassociated. The processes of the vanishing of the nonlo- 
calized exciton as a result of its localization and the recombination of the electron 
with the hole with a transformation of the excitation energy into heet and light are 
not considered. The analysis of the expression for 1 shows, that 1 of the exciton, 
like that of the electron (hole), is inversely proportional to the absolute tempera- 
ture, but unlike the electron (hole) it depends on the energy. The character of this 
dependence is related to the ratio of the effective masses of the hole and of the 
electron and of the interaction constants. 
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Abs Jour; Ref Zhur - Fizika, No 4, 1957, No 9677 


Author ; Ansel'm, A.I., Firsov Yushe 

Inst : Physico-Technical Institute; “Academy of Sciences USSR, 
Leningrad 

Title : Mean Free Path of Non-locali zed Excitatoa in Polar Crystal. 


Orig Pub: Zh, eksperim., i teor, fiziki, 1956, 30, No h, 719-723 


Abstract : The author calculates the length of the mean free path of 
the non-localized exciton in a polar crystal, due to in- 
teraction with thermal oscillations of the lattice. The 
non=localized exciton is considered as a hydrogen-like for- 
mation of an electron and a hole. 

Scattering of such an exciton is due to interaction between 
the electron and the hole with the longitudinal optical vi- 
brations. An estimate shows that under ordinary conditions 
the probability of excitation or dissociation of the exciton 


: 1/2 
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Abstract: upon collision is negligibly small. He therefore takes into 


account such collisions between the exciton and the photons, 
at which no dissociation or excitation of the exciton takes 
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TITLE: Note on the Magnetic Susceptibility in Semiconductors of the 
: Tellurium Type (Magnitnaya vospriimchivost! v poluprovodnikakh 
tipa tellura) 


PERIODICAL: Zhurnal Tekhn. Fiz., 1957, Vol. 27, Nr to, pp. 2212-2228 (USSR) 


ABSTRACT: With reference tothe publication of the author in ZhETF, 32,(6), 
1350, 1957, the magnetic properties of the identical semiconduct- 
ors are investigated under the same assumptions on the position 
of the extremal values. J.M. Luttinger showed (Phys.Rev.,102, 
1030,1956) in the quantum theory of cyclotrone resistance,that 
in the case of a meeting of the zones the energetic spectrum of the 
current carriers ina magnetic field for small quantum numbers 
N cannot be determined according to the quasi-classical method, 
which considers carriers of different type (for ex. the two ty- 
pes of holes in p-germanium) independently. Therefore here the 
order of magnitude of the share of these small values of the 

~- _E(N) 
quantum numbers in the sum Z(T) = dae kT is investigated. 


It is shown, that the magnetic susceptibility cannot be computed 
Card 1/3 from the sum of the magnetic susceptibilities of the carriers 
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Note on the Magnetic Susceptibility in Semiconductors of the 57-10-3/33 
Tellurium Type. 


belonging to these colliding zones, for the case of the zone 
collision point. Carriers of different type cannot be consid- 
ered to be independent and the transitions between the collid- 
ing zones cannot be neglected. If this circumstance is taken 
into consideration leads already in the case of weak fields 


( Se ¥1) to the fact, that additional terms appear in the 


formula for the magnetic susceptibility, which may even lead to 
an inversion of sign. The investigation of the dependency of the 
magnetic susceptibility X on the angle in the case of strong 
fields enables to draw a number of conclusions on the zonal tex- 
ture. If X is symmetrical with respect to rotations of 2"/3 a- 
round the z-axis (z- axis along the screw axis of third order), 
the zones can collide or not, the extremal'values, however, lie 
in the points of the T- type (three ellipsoides) or of the N- 
type (6 ellipsoids). IfX is axially symmetrical with respect to 
rotations around the z- axis, then either no collision takes 
Place and the extremal value (E(k) lies in the centre of the 
first zone of Brillouin or a collision between zones exists,but 
Card 2/3 either of the parameters Ay and A equals zero. There are 4 fig. 
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uresand 3 Slavic references, 


ASSOCIATION: Institute f 
or Semiconductors AN 
Resse athe onet ea) USSR, Leningrad (Institut polu- 


SUBMITTED: March 21, 1957 


AVAILABLE: Library of Congress 
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AUTHOR: FIRSOV;Yu.A. 5EC19/56 
 PIPLE: “On the Structure of Electron Spectra of Tellurium Type Lattices. 
( 0 a) ture elektronnogo spektra v reshetkakh tipa tellura, 
us 8 
PERIODICAL: Geant i Teoret, Fisiki, 1957, Vol 32, Nr 6, Pp 135091367 
ABSTRACT: By means of the group theory the general energy spectrum of a 
surplus electron in a tellurium-like orystal lattice was theoreti- 
cally computed. It was shown that in various direotions of the 
"k"-space the formation of zones is possible. The influence 
exercised by spin interaction is investigated, 
Semiconductors of this orystal structure have two carriers of the 
same sign. (With 4 Tables, 3 Illustrations, and 4 Slavie 
References). Tages 
ASSOCIATION; Not given 
PRESENTED BY: 
SUBMITTED; 290401956 
AVAILABLE: Library of Congress 
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FIRSOV, Yu. A., Cand Phys-Math Soi -- (diss) "Efreot or 
Complex Zonal Structure on the Galvano-Magnetic and Optical 
Properties of Semi-Conductors, " Len, 1958. 14 pp (Acad Sei 


USSR. : 73- 
SSR. Len Phys-Tech Inst), 100 copies. Bibliography at thaw. 
end of tle text (15 titles). (KL 40- 58, 112) 
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AUTHOR: Firsov, Yu. A, 27-28-61 /34 
TITLE: The Value of the Hall (Kholl) Constant in 


(Znacheniye pos toyannoy Kholia y boluprovodnikakh pri 


8il'nykh magni tnykh: polyakh) 


PERIODICAL: Zhurnal Tekhnichoskey Figiki, 1958, Vol, 28, Wr 6, 
BP. 11291439 (USSR) 


ABSTRACT: Knowledge of the zonal structure of Semiconductors is 


the physical Processes taking place in them. The numerical 
Calculations of the energetic spectrum can, however, not 
claim to te of great accuracy. For this reason it is 
useful to be able to form an Opinion of the Properties 

of the zonal Structure Prom such experiments in which it 
does not appear to be of essential importance to know the 
mechanism of dispersion on lattice vibrations additions. 
Besides, by cyo tisfied 

i Ty strong 
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Ber ane vane of the Hall (Kholl ) Constant in 57-28-61 /34 
Semiconductors in Strong Magnetic Fields 


magnetio fields, if the magnetic field itself is BS 


and forms the basic factor for the limitation of the 
magnitude of the current. Non-trivial angle-dependences of 
the Hall constant (Khol!) can be observed at 3S. 

It is true, however, that in this case the equation by 
Boltzmann (Bol'tsman) and the classical distribution 
function cannot be applied, because here the wavelength 


angle dependence of the Hall constant (Kholl) it is 
Possible to ascertain whether the zones touch. In. this 
Card 2/5 case the angle dependences cannot be described by the 
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formulae (20) 
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For individual ellipsoids in the space k it is possible 
to find all components of the tensor of the effective 

mass and to determine the relative distribution of the 
extreme values. The resulta obtained have the correctness 
of the zonal theory because they are not based upon any 
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The Value of the Hall (holt ) Constant in 57-28-6-1/34 
Semiconductors in Strong Magnetic Fields 


considerations concerning the interaction mechanism of 
the electrons and lattice vibrations. The author thanks 
Professor A. I. Ansel'm and L. I. Korovin for the interest 
they displayed. 
Appendix: The method of the "effective mass” in the 
. ‘presence of electric and magnetic fields. The problem 

: 3 concerning the motion of electrons in magnetic field in the 

Ss case of touching zones was solved b; Luttinger. and Kohn 
(reference 7), who alse formulated tha propiva of the 
slowly changing electrio field. With respect to A 44) 


and A,(r) (1 and 2 are indices of the zones iocseine each 
other) the following system of equations is obtained: 


nef ih sae oi []/}, -» |B 0 a, (2) oh 
AA AA eal 4 : 
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“There are 7 references, 6 of which are Soviet. 
ASSOCIATION; Institut polu 


provodnikoy AN SSSR, Leningrad 
(Leningrad In 


stitute of Semiconductors AS, USSR) 
SUBMITTED: July 5, 1957 


1, Semiconductors—Structural analysis 2, Semiconductors— 
Magnetic factors 3, Magnetic fields—Properties 
4. Electrons—Motion 5, Mathematics 
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Structure of the hole zone tellurium, Zhur. tekh. fiz, 28 


| no.ll: 2417—2427 N '58, (MIRA 12:1) 
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TITLE: 


PERIODICAL: 


ABSTRACT; 
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Firsov, Yu. A. 5€-1-43/56 


A Correction to the Article "On the Problem of the Structure 
of the Blectron Spectrum in Tellurium Type Lattices" 
(Popravka k stat'ye "K voprosu o strukture elektronnogo 
spektra v reshetkakh tipa tellura") 


zhurnal Eksperinental'noy 1 Teoreticheskoy Fiziki, 1958, 
Vol, 34, Nr 1, pp. 240-242 (USSR) 


At first reference is made to a conclusion erroneously made 
in an earlier work by the author (reference 1). The equation 
replacing this erroneous conclusion is given; it indicates 
the absence of an additional collision of the zones due to 
an inversion with respect to time. A diagram illuetrates 

the distribution of the terms. This figure contains 2 points 
with the inclination zero. But additional points with the 
inclination zero which are connected with the concrete form 
of the potential u(r) are also possible. Then the author 
gives some corrections to the above-mentioned earlier work. 
Apart from these corrections all results of the ahove- 
-mentioned paper remain valid. As far as the valence zone 

is concerned, the degeneration vanishes most probably in a 
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of the Electron Spectrum in Telluriun Type Lattices" 


point (given in the figure) due to the spin-orbit interaction 
For the conduction electrons the assu:ption of the intensive 
spin orbit splitting is not necessary. ©. I. Rashbu called 
the author's attention to the incorrect conclusions 

mentioned here, There are 1 figure and 3 references, 2 of 
which are Slavic. 


ASSOCIATION: Institute for Semiconductors AN USSR 
(Institut poluprovodnikov Akademii nauk SssR) 


SUBMITTED: October lo, 1957 
AVAILABLE: Library of Congress 
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AUTHORS: Gurevich, V. L., Firsov, Yu. A. 
oe i ee eel 


TITLE: Theory of electrical conductivity of semiconductors in 4 
magnetic field. I 


PERIODICAL: ‘ Zhurnal eksperimental'noy i teoreticheskoy fiziki, v. 40, 
no. 1, 1961, 199-213 


TEXT: A study has been made of the effect of inelasticity of electron 
scattering on kinetio phenomena in a semiconductor in a strong magnetic a 
field. A strong field is such where the diagonal tensor component of the v4 
transversal conductivity is small compared with the off-diagonal component 

€1). The authors have restrioted their studies to the Boltzmann 


(0,/ Sy 

statistics and are oonesidering two characteristic cases! 1) The little 
inelastic scattering by, acoustic phonons which results ina small effect 
only; and 2) soattering. by polarized optical osoillations, when considera- 
tion of inelasticity haé an influence on all characteristic reiations. The 
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Theory of electrical conductivity.... B102/B212 


_authors proceed from a formula by Kubo (Ref. 3) which expresses o,, in terms 


of velocity operators of the center of mass of the Landau oscillator, i.e., 

. in terms of a Green function for an electron in a magnetic field. This 
method permits very general caloulations, e. g., to consider Coulomb inter- 
action of electrons. The range of strong fields has a classical range, 
where @ = hSe/2kT <1 (Gis the Larmor frequency and T is the temperature), 
and a quantum range, where al. The quantum theory is applied in both 
ranges, A formula is first derived where conductivity is expressed in terms 
of an integral of the retarded two-particle Green function for the electron 
system in a magnetic field; that is in Born approximation with respect to 
electron interaction with scatterers. The formula is investigated for a 
case where electrons obey the Boltzmann statistics, and where their mutual 
Coulomb interaction is negligible. Results obtained by Kubo's formula for 
the classical range of the field strength are compared with values calculated 
with the help of the equation of motion. It is found that, practically, an 
equation of motion can be.used over the total classical range with a col- 
lision operator independent of the magnetic field strength. The authors also 
present a solution of the equation of motion in the magnetic field for 
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Theory of electrical conductivity... B102/B212 


electron scattering by optical phonons at low temperatures. For this case 
the function (Hy was:found to consist of two horizontal and two parts 


with a steep slope. The quantum correcticns to Ox in the classical range 


have also been calculated, It was found that these can oscillate in the 
case of scattering by optical phonons and always pass through a maximum if i 
the limiting frequency u), of, the optical oscillations amounts to a multiple 


i of the Larmor frequency. These oscillations differ from all other known if 


types of oscillations of statistical conductivity because they appear 
when applying the Boltzmann statistics. When scattering by acoustic and 
optical phonons for the case 0, was considered, 6, (H) functions were 


found in the quantum region which agreed with those found by Adams and 
Holstein after excluding the logarithmio factors. For the case uw, » Sd a@ non- 


monotonic oscillation of o,.,(H) was found. Like in the classical region 6,, x 
passes through maxima if We = 160; the quantum corrections were relatively 

small in the classical range but quite considerable in the quantum region. 
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Theory of electrical conductivity... B102/B2 


These resonance oscillations of the conductivity, predicted by theory, which 
are periodic in 1/H and are due to electron scattering on optical phonons, 
might be observed in germanium-type atomic semiconductors. The authors 

thank A, I, Ansel'm for discussions; B. I, Davydov, I. M. Shmnushkevich, 

M. A. Krivoglaz, S. I, Pekar, A. I, Larkin, Yu. B, Kumer, V. L. Bonch- 


Bruyevich, A. &, Mironov, V. G. Skobov, 0. Y, Konatantinov, V. I. Perel! 


and M. I, Klinger are mentioned. There are 14 references: 10 Soviet-bloc 
and 4 non-Soviet-bloo. 
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AUTHORS : Gurevich, V. L., Skobov, V. G., Firsov, Yu. A. 
TITLE: Giant quantum oscillations of sound absorption by metals in 


a magnetic field 


PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, v. 40, 
no. 3, 1961, 786-791 


TEXT: A theoretical study has been made of low-temperature sound 
absorption by metals placed in a magnetic field. Supposing that HOST 

- Larmor frequency of electrons), that the mean free path of conduc- 
tion electrons is very large compared to the sonic wavelength, and that 
the latter is large compared to the Larmor radius of conduction electrons, 
sound absorption can be regarded as a direct absorption of phonons by 
metal electrons. In the absence of a magnetic field, those electrons will 
play the principal role in absorption, whose velocity component Vy in the 


direction of the wave vector x of sound waves is equal to the phase 
velocity %» of sound. This case has already been studied by A.I.Akhiyezer, 
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M. I. Kaganov, and G. Ya. Lyubarskiy (ZhETF, 32, 8375 1957), and the 
present authors adopted a similar procedure. For the sake of simplicity, 
an isotropic quadratic dispersion law is assumed to hold for electrons} 
‘go, the electron energy in the magnetic field is given by €, a RQ (n+1/2) 


+ p?/2n, where n indicates the oscillator quantum number according to 
Landau, S2 = eH/mo the Larmor frequency, m the effective mass, and P, the 


i aN of the quasi-momentum on the direction of the field 
(= z-axis). Taking into account the theorems of conservation of energy 
and quasi-momentum, and €(P,the, ) = &41(P,) ‘+ hv yc. one obtains the 


condition {Q(n'-n) + Wis Ve, (5). If the magnetic field is strong 
enough and, thus, 2>,vp (vp - Fermi velocity), then condition (5) will 


be satisfied only with n= n'. Then, the quasi-momentum of electrons 
participating in sound absorption is equal to P,* nw / cos ap, where 


symbolizes the angle between the vectors 3% and H. However, if 4, Sv 


then those electrons will make the greatest contribution to sound 
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absorption, for whioh P,€ Pp: On the other hand, only those electrons — 
- participate in absorption, the energies of which belong to a blurred { ' 
! 


Fermi distribution. The quasi-momenta corresponding to these energies are 
shown in the attached figure. €,(p,) are paravolas cutting the vand of 


width kT. Its center line forms the level of the chemical potential f. 
The band width is smaller than the distance between the parabolas, in’ © 

accordance with the condition AQYkT.. The projeotions of the sections’ on 
- the absoissa indicate the intervals of allowed and forbidden P. values. 


‘The width of the intervals diminishes as one approaches Pre Their 
position depends on if. Tf # is auch that Po da in the interval of allowed 
P, values, a particularly strong sound absorption will occur. The 


| 
occurrence of giant oscillations of the coefficient of sound absorption is | 
determined by the condition Fok.» kT. This case is now investigated in | 
1 

| 

$ 


greater detail. The contribution to absorption by transverse electric 
fields produced by deformation of the conductor by sound waves is 
negleoted, and elastio electron scattering is assumed. 
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is obtained for the coefficient of aound ‘absorption. Here, 9 ia the 
density of the crystal, Uw, the sound-wave amplitude, w the group velocity 


of sound, Ve the volume of sound, <alvla'> a matrix element of the 
operator U (U = Ay dy eeP Uy * amplitude of the deformation tensor in 
. the sound wave; Ay, = tensor related to the quasi-momentum) ; the aubpovinte 


a 8 aand a! indicate the state. of the free electron in the magnetio field; 
Reus = &-€,,+ In the simplest case where the components of A, 44 2Te con- 


stant, the electron spectrum is quadratic and be aa and yc and H are 
* 


; 
| 
| 
i 


parallel, one has r= r cL «> (dp S(t ae w)x 
‘ R, 8s ~ 
AQ 4.) — H —~p?/2m 
| ~ ech ERO ee pete vere “ar ah (16) 
where Po is the Bohr mapneton: Tee =n Asal “fant andrea is the 


| 
| 
| 
| 


Card 


SAY SS! BAY 


APPROVED FOR RELEASE: 06/13/2000 CIA-RDP86-00513R000413220018-0" 


"APPROVED FOR RELEASE: 06/13/2000 ROE: ses can ioe oerasecetcanied 0 


at Sp Rac Poe eerie Sel ee Reet Warmeie lebg Steere 
Pen ere enor iz aie : yeh tae 


eee ate atk ai ee 


aa tachi wets 
pg tere) Peihe 


. 3/056 s1/40/003/081/051 
Giant quantum oscillations... _ B102/B205 


ae of sound qhvoepyton ris - O. Integration with eaveste to P, 

| Pelee iQ Pe cra [I (2 + 4/2) -- Ss, pH tet}. (18) 

rta< kt and summation is “perteruiee over n, one obtains 
tT = (7/2) (te a 


oh *(y=f/2k7) °° 
case fire 2 fom <€v3;a4y is.disoussed. Here, the 6-funotion can be replaced 


by »/t (x? + (brxp _/3) ae and by genie to the dimensionless ee 
variable one obtai os (9 An 
a a rar, A OC dy iF cae 34 a ‘). (8), 
. i. 2 
“yap stemayW2, Be (2et/m) ” 2/9 5 AL? [F- “EAn + 4-34, ay /e. In the’ ae 


case of giant oscillation, the ratio ececs the maximun ver the minimun 
absorption coefficients is given by |’ a aN in wel (RAL/F 2A D/P? 4 (25).: 


Finally, 6 experimentally interesting. wd 


It is noted that classical computations are only possible if AQ< CKT ; if 
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%OS> ef, sound absorption in a magnetio field must be treated in a quantum. 3 
theoretical manner. There are 1 figure and 4 Soviet-bloc references. 
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SSSR (Institute of Semiconductors, Academy of Sciences USSR) 
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AUTHORS: Firsov, Yu. A., Gurevich, V. L. a 
TITLE: Theory of the electrical conductivity of semiconductors in 


& magnetic field. II 


PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, v. 41, 
nO. 2, 1961, 512-523 
TEXT: In (Ref. 1: ZhErP, 40, 199, 1961) v. 1. 


1 Gurevich and Yu. A. Firsov 
obtained an expression for the diagonal elements 


of the tensor (o,.) of 
ity in Semiconductors located 
field. Bleotron interaction was neglected. 
the influence of this interaction on the cond 
isotropic and quadratio electron spectrun. 
electron interaction, OL, Will be equal to z 


zero if there are interactions with other scatter 


ers, @.&., phonons. 
The electron energy is 


caloulated by quantum-mechanical methods and 
tics and a quadratic and 
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isotropic spectrun. Electron-phonon interaction and consequently, wos 
scattering probability are found to increase abruptly if the phonon WO 


frequency is close to the eigenfrequency of the electron system. The oF 
authors construct precise theory, based on Kubo's formula for Cass ee 


(Ref. 4, see below) and a is expanded in a power series of the me 
‘electron-phonon interaction. An exact formula is derived for O,, and ae 


some graphs are discussed. The expression is examined for the case where cael 
the eleotrons obey a Boltzmann statistics and their scattering can be ‘ 
described in the Born approximation. As an example, the amplitude height 
of resonance Conductivity oscillations is computed. A. I. Larkin 

(ZHETF, 37, 264, 1959), 0. V. Konstantinov, V. I. Perel! (ZhETF, 39, 197, 
1960), M. Born, Huang K'un (Dinamicheskaya teoriya kristallicheskikh eh 
reshetok ~ Dynamic theory of orystal lattices, IIL, 1958, chapter II, § 8) fees 
are mentioned. There are 1 figure and 11 references: 7 Soviet and i 
4 non-Soviet. The three most important references to English-language 
publications read as follews: Ref. 4: R. Kubo, J. Phys. Soc., Japan, i2, 
570, 19573 Ref. 8: E. N, Adams, T. D. Holstein, J. Phys. Chem. Solids, 
10, 254, 1959; Ref. 2: 9, Doniach, Proc. Phys. Soc., 13, 849, 1959. 
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AUTHORS 1 Gurevich, V. le, Firsov, Yu. Ae 
TITLE: Theory of plasma diffusion in a magnetic field 


PERIODICAL: Zhurnal eksperimental'noy i teoretichoskoy fiziki, v. 41, 
: no. 4, 1961, 1151 = 1167 


" (EXT: The transverse diffusion coefficient for particles in completely 
donized plasma is determined by employing a graph technique. The Born 
parameter is assumed to be. small, the magnetic field is assumed to be 
strong, and the Larmor frequency of electrovs is assumed to be much higher 
than their collision frequency. The role of electrons and ions in the 
soreening of the electron-ion dnteraction, the deformation of Debye clouds, ° 
and the inelastic scattering of electrons and ions are taken into account. 
‘The corrections to the diffusion coefficient for the effect of the mag- 
netic field on electron-ion collisions are estimated. The case is studied, 
where the Debye radius is smaller than the Larmor radius of electrons 

put larger than the Larmor radius of ions, and where the magnetic field 
affects the collisions considerably. The general expression for the 
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electronic conductivity - eee in the x-direction can be expanded in a 


series of 1/9 (82 denotes the Larmor frequency, 7 the electron relaxa- 
tion time). @°° is calculated by the graph technique of 0. V. ate 


_ Konstantinov and V. I. Perel' (Refs. 2 and 3: ZhETF, 39, 197, 1960), 
which is described here again. A formula for the overall contribution 
to the conductivity obtained by calculating the normalized electron-~ 


electron interaction is presented. . The general expression for oe is 


given by 
oer Oe ee 
Dix = Bat 2,(£) {eves y i do a0, ay F Bo, @) = 
. = ‘Inet/n Vim" ry" Q*} Y, 


, “a etl A (iv, q) =.1 hat es {Re Py (w) +Re PA 4 (~)I, 
B (w,%q) = xq lm Pt 4 (a) +m, (aI. . 
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_ or /ne* and. 
Im Pf (a) oe sus ns 
Filo) = ng = ee on) GN 


; where De 


and 
a t+ 7. sin 21) x 


PE (w) ot dt e~ sin a 
: 28 


4 
The ae on for 2R> 1, 
23) ip) ne {in Naog — Vi < e—~"* Infa* (x) (x)] dx— 


2 acon arctg -2(2) eo is i, (43) 


dcacvae: the true 


a, »>1/R, where R= vp/2. 


D,.=— 


x? Where C = 0,577. 


holds eesbeseisaiay for D,. 


expression is 
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2. 28m \1/2 , 7 _e \2, 4, 2,2 
D7 5 i ) ( -S5 )* + ne? + 1n(0.55 an/x*. fat ieee 
and pe" a, R (a, - characteristic cut-off momentum) is given by 


Te 
= cd 1n(a,R) + 4qe/? ln ( 4) In ye. The only difference between 
this expression and that of S. T. Belyayev (Ref. 15: Fizika plazmy i 
problema upravlyayemykh termoyadernykh peaktsiy, 3, Izd. AN SSSR, 1958, 
str. 66) is that Gp is replaced by kT/c*. This might mean that the small 


size of the Born parameter is only necessary for collisions with large 
momentum transfer, whereas in the case of small momentum transfers the 
contribution does not depend on - whether or not Born approximation is 
applied. The authors thank V. I. Ferel'. V. G. Skobov (Ref. 12: ZhETF, 
31, 1457, 19593 38, 1304, 1960), L. D. Landau (Ref. 1: ZhETF, 7, 203, 
1937) and O. V. Konstantinov, V. I. Perel! (Ref. 2: ZhETF, 39, 861, 1960) 
are mentioned. There are 10 figures and 15 references: 11 Soviet and 

4 non-Soviet. The three most recent references to English-language 
publications read as follows: H. Brooks, Phys. Rev., 83, 879, 1951. 
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R. Kubo, J. Phys. Soc, Japan, 42 570 1957. E. N,. Adans T, Dd. Holatein 
J. Phya. Chen, Solids, 1 ’ 254, 1959. 


ASSOCIATION: Institut poluprovodnikov Akademii nauk SSSR (Institute of 
Semiconductors of the Academy of Sciences USSR) 


SUBMITTED: April 1, 1961 
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I4, 2149 (1072, 147, 164) 
_ AUTHORS : Gurevich, V. L., Larkin, A. I., and Firsov, Yue A. 
TITLE: Possibility of semiconductor superconductivity 


PERIODICAL: Fizika tverdogo tela, v. 4, no. 1, 1962, 185 - 190 


TEXT: The authors discuss the possibility of a transition of a semi- 
conductor into the superconducting state. Such a transition is found to 
be impossible in nonpolar semiconductors at a carrier concentration 


n «10'? since due to the low electron state density near the Fermi surface 
phonon attraction between the electrons is weaker than their Coulomb 
repulsion. Transition in polar, nonpiezoelectric semiconductors is 
possible only if the Fermi energy 4g much higher than the limit frequencies 
of the longitudinal optical vibrations. The authors obtained conditions 
for bringing about this transition which are the more favorable the more 
strongly the electron and lattice vibrations are coupled. These _ 
conditions are defined for InSb-type piezoelectric semiconductors with a 
nonpiezoelectric semiconductor being considered first. The results hold 


both Te conduction electrons and donors, and for holes and acceptors. 
Card (¥: 


APPROVED FOR RELEASE: 06/13/2000 


CIA-RDP86-00513R000413220018-0" 


CIA-RDP86-00513R000413220018-0 


' 1960. It can be seen that the maximum gap width corresvonds to the minimum 


“APPROVED FOR RELEASE: 06/13/2000 Eee sda iid neater rad 0 


ES otis See Sion Lue Siae ESUS: peice Bites a rrESEE ze 


pesisasta aes 
— = 


33356 
8/181/62/004/001/029/952 
Possibility of semiconductor... B123/B104 


The authors mention Abrikosov who studied the superconductivity of metals 
with high electron gas density, and N. N. Bogolyubov et al. who made 
salculations for metals (Novyy metod v teorii sverkhprovodimosti, izd. 

AN SSSR, 1958). The authors first consider a model with isotropic 
etfective MAB. They derive an equetion for calculating the energy gap 


2 peewee pew eemeen 


aey fe . . (13). : 
a= aes in 8? 


va electron velocity at Fermi surface, &,,, fh, = dielectric constants, 


ef = (p - Gey vegies = frequency of longitudinal optical phonons, ‘ .Fermi 
energy. For other denotations c.f. CG. M. Eliashberg, ZhETF, 38, 966, 


velocity at the Fermi surface, i. e., to the maximum effective mass. 
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These formulas obtained for the model with isotropic effective mass 
also hold for the anisotropic case up to and including one nunerical 
factor under the natural logarithm. In piezoelectric semiconductors 
the attractive force between the electrons contributes to the exchange 


conduction band are sufficiently concentrated and in which they are 
strongly coupled with the lattice vibrations. There are 1 figure and 4 
references: 3 Soviet and 1 non-Soviet. The reference to the English- 
language publication reads as follows: J. Bardeen, L. Cooper, J. 
Schrieffer. Phys. Rev., 108, 1175, 1957. 


ASSOCIATION; Institut poluprovodnikov AN SSSR Leningrad (Institute of 
Semiconductors AS USSR, Leningrad ) X 


SUBMITTED ; July 24, 1961 
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PILE: pneory of the entrainment of electrons by phonons in semi- 


conductors of the snombohed rat system 
pyRIODICAL: pizika tyerdoge tela, Ve 4, no- 2, 49h?! 530-537 


EXT: When phonons of non-equilivriv® aistribution (due to & temperature 


graaient)» collide with conduction siectronas the yesulting electron sow 
cause c rent. f of elec yon entrainment y phonons was 
first gnvestise ea by < yieh (2 ETF; 16 946)» 
theory v aeveloped y C- Herring: theorets¢ 1 con jaerations 
of the P sent P r relat o th exper ents carrie ou y 
pimchenko n _ shaly*t (FITs 4961) with potye um. THe order 
of magn a ne vempe sure daepende e of the thermo-e f 
jetermined fo io air sions ° 4 mperatur grad en th crystal 
axis carri concentr zion is & 3 a to ve ow t 4 the effec 
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roblem © jets of two parts: 4) sol tion ° winetic quation for my 
card 1 


PPROVEL 
ROVED FOR RELEASE: 


rae sor 


KL IT. 


Tem a 


06/13/2000 


OEY A 


ae a 
RDP86-00513R000413 


mie 
SAB SEW IAS 


220018-0" 


APPROVED FOR RELEASE: 06/13/2000 ROR Se ieee ines meine 0 


258 Pensa ee a 


er pak DiSaRa AL HeES BT EES: LENCE ok os 
— = — ZAI 


jgu2hz 


s/ 161/62/008/002/056/053 
Theory of the entrainment of electrons ... 3102/3138 


the phonons which aves the non-equilibrium addition to the phonon 
distribution function; 2) Solution of the electron kinetic equation 

a "force" proportional to this addition acts upon the electron. Thais 
Aiden that if the isoenergetic surface of the curriers is in crystal 
symmetry, the estimate gives almost the same as would result from the 
isotropic spectrum. The hole spectrum of tellurium has these properties 
and consists; as L. I. Korovin and Yu. A. FPirsov (ZhTF, 28, 11, 2417, 
1958) have shown, of one or two ellipsoids of revolution with centers on 
the third order axis. ‘The main role in the entrainment is that of the 
acoustic phonons of the branch with maximum frequency w(@). For a 
rhombohedral crystal of class D, and T(¢@, the relaxation time of 


longitudinal phonons contacting the vibrational. branches is given by 


Hd=0, 922(2),, (3) oy 


on (EEE 
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and when they join it, 


q=fr'(?, o3(4). = =je(T ar)» (44) 3 


M - mass of the ‘crystal ‘unit cell, w - mean sonic velocity, ay 7 lattice 


constant, @ - Debye temperature, f, o's ) are dimensionless functions 
of the angles, which tend to zero a gh if #50. aS is s the angle between 


q and the z-axis which coincides with one of the second-order axis. In 
these two cases 
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hold. eee is the component of the conductivity tensor, We is given by 


x neESl on és : 7 
Nes ET J 97 sin* dg, (8, 9) *(q). (5). 
if is the crystal density and n the electron concentration, Ey is the 14 


constant of the deformation potential. Some of the other characteris- 
tics of the phonon spectrum are also discussed. S. S. Shalyt and I.-N. 
Timchenko are thanked for discussions. L. D. Landau and Ye. HM. : 
Lifshits (Mekuanika sploshnykh sred - Continuum mechanics - GITTL ’ 195) 
are mentioned. ‘there are 2 figures and 12 references: 9 Soviet and 3 non-~ 
Soviet. ‘The three references to English-language publications read as 
follows: C. Herring. Phys. Rev.'95, 954, 1954; 96, 1163, 1954; H. J. Fan, 
R. S. Caldwell. Phys. Rev. 94, 1427, 1954; Reports on Progress in Phys. 
XIX, 107, 1956. 
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semiconducting cubic crystals. The damping (caused by the anharmonic 

lattice forces) of the optical vibrations (zw) does not depend on 

electron concentration. In the case of weak interaction between 

electrons and optical vibrations, the dielectric constant 

E(w) = fy ()+6, (w) consists of the lattice part.& and the electron part 


€ =4nicW) ua, (w)+id.(w). For wt&i, 6 is virtually independent of W 
andequal to its statistical value. t is the characteristic relaxation 
time. a, (v)=-4nne®/mof holds in the case of a square-law isotropic 
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hold in the case of Boltzmann statistics siiere K Cz ) is the MacDonald 
function of first order. In the limiting cases tees Kw- &) 4/42 >1, 


tle - wa | er Ya, and Bes, -¥)) kT at sufficiently low temperatures, Eq. 
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. Be o= (Garr) (F(R) “ 


and 


Card 2/5 


APPROVED FOR RELEASE: 06/13/2000 CIA-RDP86-00513R000413220018-0" 


Reeactt theta eee mail ET sea ee, Laie Bare Nye ees 


"APPROVED FOR RELEASE: 06/13/2000 CERRO ES: Bi Asdaleieiianivacvimsmeinisnaaell 0 


paaninaemaaad cP Ao SBE 13 


shies hs gone/ae 5/026/055 


The role of-optical phonons in. infrared.... 3125/B10 


Rooms ()'(2—) vo (- Hog], (21) 


respectively. Re ow) andreaces rapidly at Sraqionsled Bin= ay! [KB ev 1 


because of the threshold production of optical phonons. The dissipation 
of energy described y Re ene is caused Ae second-order effects, Ff 


ror tater y the exusetneneal absorption Caheeninaeas increases with | 


(22). 


frequency. For By /kP > 1, absorption decreases exponentially with 


decreasing temperature. In the case of Fermi statistics at T=0, 
ml Ny 
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ture dependence: u~exp(-z a/*T)s where E| is the activation energy (cf. 

Phys. Rev. 112, 1861, 1958; J. Chen. pies 26; 562, 1957). This u(T) 

dependence of the low-mobility semiconductors can be explained only by 


assuming mnultiphonon scattering when strong interaction exists between 
carriers and lattice vibrations. At T< Ty ebye the carriers are nonlocalized 


’ polarons with small radius. There exists a temperature range where the 
indeterminacy of the polaron energy exceeds the polaron band width 
(Ai 2 AE.) where the superbarrier jumps contribute only little to the con- 
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ductivity. The kinetic theory for this range, and for higher temperatures 
(T> Ty wye) where classical ‘superbarrier jumps of the carriers from site to 


site are the main mechanism, is derived and discussed in great detail. The 
tine between these site-to-site jumps At is less than the characteristic 
time t_ of tunnel transitions but much greater than the collision-induced 


time to of jumps: 


= b> kar, At o7, 


a 


eee Se ee ee wot nM Fatt 
aT Fam hk oan Ee (40) 
wy ds the frequency of longitudinal optical phonons, J is the width of the 
conduction band. In addition the inequalities 


Ma = J7/(EahT)' hitdy <E 1, T. &6 ty >> (toler): (41) 
will be valid, demsnding a narrow conduction (or valence) band. This is 


the case e.g. for NiO-type semiconductors. The electrical conductivity 
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due to the above mentioned jumps wil} be proportional to exp(-E /kT) also 
in a wider temperature range if iP) wie * For the Polaron-phonon Scatter. 


ing a transfer equation is derived by which various kinetic coefficients 
Can be Calculated, There are 3 figures, The most important English- 
language references are: f, Yamashita, T. Kurosawa, J. Chen. Phys. 
Solids, Dd» 34, 1958; J, Phys. Soc, Japan, 15, 802, 1960; k, Kubo, J, Phys. , 
Soc. Japan, 12, 570, 1957; G. 4H. Wannier, Phys. Rey. 52, 191, 1937. 
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‘the energy Jevels of the conduction electrons in a crystal, Splitting of the 
levels is observed in experiments on paramagnetic resonance in the conduction elec-. 
trons. Non-quantizing magnetic fields are used in these experiments. Recent stud- ~ 
ies have shown that splitting of electron levels in strong quantizing magnetic 
fields, which is caused by cancellation of Kramers degeneration, may also be ac- is 
companied by galvanomagnetic and thermomagnetic effects. In particular, spin split-. 
ting of Landau levels is reflected in the Shubnikov-de Haas affect. Elimination of . 
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